In the course of studies on the effect of phytates on calcium uptake in man (1) it became necessary to determine the extent to which endogenous calcium in the feces might contribute to the calcium balance. Although this point has been studied by several investigators (2-5), there is considerable disagreement on the significance of the fecal route for calcium excretion in man. Thus Malm (6) has observed that different individuals may exhibit pronounced variations in the fecal calcium excretion and has suggested that extended observations be made on each proposed test subject. Since this approach is not practical-in many cases, it seemed desirable to establish the significance of the endogenous calcium output in the feces under our experimental conditions.5
In the course of studies on the effect of phytates on calcium uptake in man (1) it became necessary to determine the extent to which endogenous calcium in the feces might contribute to the calcium balance. Although this point has been studied by several investigators (2) (3) (4) (5) , there is considerable disagreement on the significance of the fecal route for calcium excretion in man. Thus Malm (6) has observed that different individuals may exhibit pronounced variations in the fecal calcium excretion and has suggested that extended observations be made on each proposed test subject. Since this approach is not practical-in many cases, it seemed desirable to establish the significance of the endogenous calcium output in the feces under our experimental conditions. 5 The method chosen for investigation was to inject radiocalcium (Ca45) intravenously and to de- termine its concentration in the serum, urine and feces during several days. Such carried out in animals (7) (8) (9) (10) , but few such data are available for man (11) (12) (13) .
MATERIAL, DESIGN AND METHODS
Subjects. Nine adolescent boys, institutionalized for mental inadequacy, but otherwise normal,6 served in the first study (Experiments A and B). In a later experiment (Experiment C), one individual (No. 57) was selected for intensive study. He was a spastic, but neither clinical nor laboratory examinations revealed any abnormalities in his mineral metabolism. The boys ranged in age from 10.9 to 15.7 years, with mean and median ages of 12.6 years. Their height ranged from 124 to 160 cm. with mean and median heights of 142 cm. Their weight ranged from 29.8 to 44.5 kgm., with a mean weight of 35.6 kgm., and a median weight of 36.0 kgm. The mental age of the boys averaged 7.2 years, (median: 7.2 years) and ranged from 5.8 to 9.2 years.
The young male adult in Experiment C was 21 years old, weighed 51.4 kgm. and had a mental age of 10.0 years.
Design. The subjects (Experiments A and B) were divided into two groups. One group (I.V.) was given the Cae intravenously, while the other group (P.O.) received Cae by mouth. One month later, the P.O. group received the intravenous injection, while the I.V. group received the isotope orally.7 This was done to minimize the effect of periodic or seasonal variations (6, 14) and to use each individual as his own control. Preliminary tests had shown that one month after the administration of 0.7 /Ac Cae, the level of Ca' in the blood and in the excreta was no longer measurable. Two years later (Experiment C), one individual was studied intensively 6All of the subjects were under medical care and observation during their usually indefinite institutionalization. They were selected on the basis of clinical examination. Roentgenographs of the chest, knees, hands, skull and spine of six subjects (Nos. 10, 11, 13, 14, 15, 16) were evaluated by an experienced roentgenologist, who concluded that they did not deviate from the normal range with respect to calcification.
7The results on the study with ingested Ca will be presented elsewhere. Methods of analysis for Ca' and Ca. The procedures employed have been described previously (1) . In the analysis for Ca' content, suitable standards were employed in all counting runs and the decay factors determined experimentally. All counting data were corrected for decay from the time of injection and are reported in terms of total activity (per cent of injected Ca) or in terms of specific activity (per cent of injected Cae per milligram calcium).
The error in replicate calcium determinations was usually held to 3 per cent standard deviation (S.D.); when samples were ashed before isolation of the calcium oxalate, the total error approximated 5 per cent S.D.
Counting errors varied according to experiment and tissue and were commonly held below 10 per cent S.D.
RESULTS AND DISCUSSION

Serum
The results of the measurements of the specific activity of the serum in Experiments A, B and C are presented in Figure 1 . The values plotted here are the experimental values after adjustment to the mean body weight of the boys of Experiments A and B. For example, 56 minutes following the injection, the observed specific activity of subject No. 16 was 0.050 per cent of the injected Ca45 per milligram serum calcium. However, his body weight was 1.1 times that of the group average of 35.6 kgm. Since he had a proportionately larger serum calcium reservoir, the observed specific activity value was %4o lower than it would have been if this boy had been smaller. Consequently the adjusted specific activity value was 0.055 per cent per mgm. Ca.
Because of the schedule of staggered venipunctures on Day 1 (Experiments A and B) the resulting plot is a composite of individual curves and not strictly comparable to the curve obtained on only one individual in Experiment C. At the same time it explains the comparatively wide scatter of the values of Experiments A and B.
As can be seen from Figure 1 , the specific activity of the serum decreases monotonically as a function of time and shows no apparent tendency Figure 1 . In Figure 3 , the very low values were omitted in deriving the group average. As can be seen, there is no indication that the curve reaches an equilibrium value. A similar indication of this is shown in the curves for Experiment C (Figure 4 Equation 1 applies to a period of up to four days (6000 minutes) following the injection. Half of the observed experimental points fall within 30 per cent of the values predicted by Equation 1. The curve described by the equation is plotted in Figure 1 .
In devising the analytical expression, it was necessary to include calculated zero-time values (total injected Ca45/total serum calcium) in order to anchor down the curve. Inclusion of these values may be criticized because:
(a) Instantaneous mixing of the injected Ca45 is assumed, yet mixing is probably not complete for at least 30 seconds (16) and a significant fraction of the injected portion may have disappeared by the time mixing was completed. (See also the curve for Experiment C, Figure 1 .) (b) The lack of data for the time interval 0 to 20 minutes in Experiments A and B makes extrapolation hazardous, as more than one exponential may be involved in that span of time.
If data had been obtained for a longer period than 6000 minutes, it is likely that terms would have to be added to Equation 1 in order to express correctly the events depicted by the experimental observations. On theoretical grounds, an expression with no less than five terms is required, if the terms are thought of as describing events in different compartments of the body (at least two compartments in the skeletal systems (17) , and one each in the intestinal tract, the serum, and the soft tissues). In the present state of knowledge, however, the terms of Equation 1 ought not to be considered as denoting body compartments, but only as the mathematical representation of experimental observations (10) .
Equation 2 can be used to calculate the rate at which the serum calcium leaves the blood (disappearance rate). This rate is defined as the derivative of Equation 1 at time t = 0, divided by Ct at time t = 0 (cf.
Minder and Gordonoff (7) obtained disappearance rate curves on rabbits, and a value of 18.2 per cent per minute can be calculated from the expression they reported. However, Thomas, Litovitz, Rubin, and Geschickter (8), who also studied rabbits, reported much higher values, namely 88 + 36 per cent per minute for old rabbits and 72 ± 12 per cent per minute for young rabbits. The difference between the values for the young and old rabbits was not found to be statistically significant, in contrast to observations on age differences in cattle (10) . In the latter species, disappearance rates varied from 102 per cent per min. for calves 10 days old to 26 per cent per min. for cattle 13 years old.
Armstrong, Johnson, Singer, Lienke, and Premer (9), who have conducted similar studies on dogs, report a disappearance rate of 52 per cent per min. with a range of 30 to 60 per cent per minute in six animals.
The experimental limitations involved in determining the early portion of the disappearance curve also limit the interpretations which can be placed on the observed disappearance rate. For this reason, the numerical value reported here should be considered as correct only with respect to order of magnitude. Figure 1 shows that on a comparable basis a larger fraction of the injected Ca45 was detected in the blood of the young adult than in the blood of the boys. Though one individual is not necessarily representative of a group of young adults, the data obtained on this adult subject do not conflict with the observations of Hansard, Comar, and Davis (10) who reported a slower rate of disappearance of injected Ca45 in older cattle as compared with young calves.
Urine data
The data in Tables I and II, as There was therefore little correlation between chronological age and the urinary calcium output. The extent to which these differences indicate differences in physiological age is problematical. Figures 3 and 4 indicate the relationship between the specific activity of the urine and the serum. As would be expected, the specific activity values of urine and serum fall on essentially similar curves. Maurer and Zimmer (19) have already described a clinical test where the specific activity of the urine is taken as a measure of the specific activity of the blood.
Blau, Spencer, Swernov, and Laszlo (12) have also reported that the specific activities of serum and urine were equal. However, their data, obtained on two adults, indicate a simple exponential decline with a half-time of eight days. Figures 3  and 4 indicate that no simple exponential decline was observed in our subjects. Furthermore, since the specific activities of urine and serum are alike, Equation 1 with its four terms will also fit the urine data of the boys.
12For the purpose of the graphs shown in Figure 2 , the values obtained on the 48-hour samples of urine collected in Experiment C were suitably adjusted to represent 24-hour values. Feces data Tables I and II and Figure 5 13 appear to indicate that the boys in Experiments A and B excreted less Ca45 in their feces on the average than 13 For the purposes of the graphs shown in Figure 5 , 
Combined excretion data
The data in Tables I and II indicate that (Tables  I and II) , or 15 per cent during the first five days (Table II) . The average combined excretion of the boys in five days was only 8 per cent ( Figure  6 ). Clearly these observations also apply to the quantity of absorbed Ca45 which these subjects might reexcrete in a comparable period following a test meal containing Ca'5. If, for example, one of the boys had eaten two microcuries of Ca45 (suitably diluted with ordinary calcium) and if a total of one microcurie had been recovered in the stool at the end of five days, it would be possible to conclude that perhaps (1 + 0.1) microcuries had been absorbed. We have in fact observed similar relationships (1) . It may therefore be said that the quantity of calcium which is absorbed d and then immediately reexcreted is quite small; perhaps it may even be neglected in a first approximation because of inherent experimental error (cf. [12] ).
These considerations suggest that nearly all of the calcium which enters the body at a given moment is at first retained (presumably largely in e the skeleton [20] ), and that equilibrium is maint tained by excreting calcium which had entered the (21) have reported this to be the case for rats. Figure 6 shows the excretion and retention of Ca45 in our subjects. As can be seen, more than half of the injected Ca45 was still in the body of subject No. 57 (Experiment C) at the end of two months. A plot of this retention curve on semilogarithmic coordinates (Figure 7) indicates that the "biological half-life" of Ca45 approximates Ratio of urinary to fecal Ca45 Species differences appear to affect the manner in which "endogenous calcium" is partitioned between urine and feces. Evidently rats excrete eight to twenty times more endogenous calcium in the feces than in the urine under normal conditions (21) (22) (23) . This is also shown by the data of L'Heureux, Tweedy, and Zorn (24) , when they injected minimal quantities of inert calcium with their dose. In cows (10, 25, 26) and in dogs (9, 27) the feces also appears to be the more important route of elimination for endogenous calcium. Human beings, on the other hand, excrete more endogenous calcium in the urine than in the feces. In all of our subjects the urinary fecal ratio of injected Ca5 (and therefore also of endogenous calcium) exceeded unity (Tables I and II Figure 1 and in Table II (2) day would probably amount to no more than 50 mgm., or five to ten per cent of his daily fecal output (on the assumption that the calcium is injected under physiological conditions). Clearly this increase would be difficult to detect and experiments in which inert calcium is injected intravenously therefore tend to lead to negative results.
SUMMARY AND CONCLUSIONS 1. The fate of intravenously injected radiocalcium (Ca"5) was studied in nine boys and one young adult, all of whom had been institutionalized for mental inadequacy.
2. The rate at which the injected Ca4 disappeared from the blood of the nine boys was determined. Observations made over a period of five days, together with assumed zero-time values, were expressed by the equation: Ct = 0.335e-O1Mt + 0.205e0.075t + 0.0234e-O°°N" + 0.0205e-0°00"t (1) where Ct = specific activity of the serum (per cent dose per mgm. Ca) and t = time (minutes) This equation yielded a disappearance rate for the serum calcium of approximately 19 per cent per minute.
3. The average quantity of injected Ca45 excreted in the urine and the feces by the nine boys did not exceed 8 per cent by the end of five days. The young adult excreted a total of 20 per cent during this period, and, by the end of sixty days, he had excreted a total of approximately 40 per cent of the injected dose.
4. In all individuals studied the urine constituted the more important route of Ca45 elimination and, on the average, contained 1.5 to 2 times the quantity of Ca45 excreted in the feces.
5. The quantity of injected Ca45 excreted in the feces during several days was small. This suggests that only a minor fraction of the calcium absorbed on any one day is reexcreted promptly and that the major portion is retained for some time. The "biological half-life" of Ca45 in one young adult was calculated to approximate 260 
